The data have been made available in a national database: The Older Persons and Informal Caregivers Survey Minimum DataSet (TOPICS-MDS). This database can be accessed through the website: <http://topics-mds.eu/>. The validity and reliability of the ISCOPE screening questionnaire, which was used to identify problems in older people in the manuscript was described in a submitted but unpublished manuscript: 'Measuring complex problems in older people: clinimetric properties of a postal screening questionnaire'. This manuscript is available as a Supporting Information file.

Introduction {#sec002}
============

The prevalence of many diseases and conditions increases with age. As a result, older persons often have a variety of health problems including functional, somatic, mental and social problems. These problems have all been individually associated with poor health indicators including deteriorated functional status, decreased quality of life and increased healthcare use \[[@pone.0121013.ref001]--[@pone.0121013.ref016]\]. Older people often have a combination of multiple health problems. However, it is unclear if these problems interact and what the consequences are of the occurrence of a combination of health problems on functioning, wellbeing and healthcare use.

Therefore, this study investigates the consequences of problems on four health domains (functional, somatic, mental and social domain) on various health indicators, and whether the problems on four domains have an interactive effect on health indicators at baseline and at 12-month follow-up.

Methods {#sec003}
=======

Ethical approval {#sec004}
----------------

The study was approved by the Medical Ethical Committee of Leiden University Medical Center in 2009.

Study population {#sec005}
----------------

This study is embedded in the ISCOPE study (Integrated Systematic Care for Older PEople). ISCOPE is a cluster randomized controlled trial with randomization at general practice level. The overall aim of the ISCOPE study was to assess the efficacy of a simple structural monitoring system to detect deterioration in the functional, somatic, mental or social health of individuals aged ≥ 75 years, followed by a care plan for those people with a combination of problems on these domains. The study included 59 general practices (30 in the intervention group; 29 in the usual care group). After the general practitioners (GPs) excluded people with a life expectancy of ≤ 3 months, who were admitted to a nursing home, who were non-Dutch speaking, or who should be excluded for other relevant reasons (n = 590), 11,476 older persons received an invitation to participate in the study. The ISCOPE screening questionnaire ([S1 File](#pone.0121013.s001){ref-type="supplementary-material"}) and an informed consent form were sent with this invitation. In the intervention group, the GPs received feedback about the screening questionnaire, were trained in providing pro-active integrated care for older people, and made a care plan for a randomly selected sample of 10 older persons with a combination of functional, somatic, mental or social problems. In the usual care group, the GP did not receive feedback and provided usual care.

A sample of participants who returned the screening questionnaire was visited at home by a research nurse to collect data on sociodemographic characteristics and to administer additional questionnaires on health indicators; this sample included all participants with complex problems, a random 60% of the participants with problems on 2 domains, and a random 15% of the participants with problems on 0 or 1 domain. At the 12-month follow-up, these participants were revisited to obtain additional information.

All participants gave written informed consent for the study including the use of data from their medical records for additional analysis, following explanation of the study requirements and assurance of confidentiality and anonymity. For participants with severe cognitive impairment (as judged by the research nurses) written informed consent was obtained from a proxy. The Medical Ethical Committee of the Leiden University Medical Center approved the study and the informed consent procedure.

Measurements {#sec006}
------------

### Identification of health domain problems at baseline {#sec007}

The ISCOPE screening questionnaire consists of 21 items which cover all 4 health domains (functional, somatic, mental and social domain; see Questionnaire S1) \[[@pone.0121013.ref017]\]. A participant was considered to have a problem on a domain, if a positive answer was given to two or more items on that domain.

### Health indicators at baseline and follow-up {#sec008}

Disability in basic and instrumental activities of daily living (BADL and IADL) was measured with the Groningen Activities Restriction Scale (GARS) \[[@pone.0121013.ref018]\], a questionnaire that assesses disabilities in competence in nine BADL items and nine IADL items \[[@pone.0121013.ref019]\]. A sum score was calculated for the GARS, ranging from 18 (competent in all IADL and BADL activities) to 72 (unable to perform any activity without help).

Cognitive function was assessed with the Mini-Mental State Examination (MMSE) \[[@pone.0121013.ref020]\], with scores ranging from 0--30 (= optimal).

The presence of depressive symptoms was determined with the Geriatric Depression Scale-15 (GDS-15) \[[@pone.0121013.ref021]\]. The GDS-15 was restricted to people with a MMSE score of ≥ 19 since this instrument has proven unreliable for people with poor cognitive function \[[@pone.0121013.ref022]\].

Feelings of loneliness were measured with the Loneliness Scale of De Jong Gierveld \[[@pone.0121013.ref023]\], an 11-item scale designed for the elderly population. The maximum score was 11 points (severe loneliness). This loneliness scale was also restricted to people with a MMSE score of ≥ 19.

Health-related quality of life (HRQoL) at baseline and follow-up was evaluated with the EQ-5D \[[@pone.0121013.ref024]\], a standardized instrument for HRQoL.

To determine GP-contact time, data were extracted from the electronic patient records (EPR) of the participating GPs. The total number of contacts at baseline was defined as the sum of home visits and consultations in the year before the study was conducted. The total number of contacts at follow-up was defined as the sum of home visits and consultations in the year after the start of the ISCOPE trial. To estimate the GP contact time in minutes, a GP consultation was defined to be 10 min and a home visit was defined to be 30 min (including travelling time).

### Additional characteristics {#sec009}

Data on sociodemographic characteristics, including sex, living situation, marital status, educational level and data on chronic diseases were obtained during the home interviews. Chronic diseases included diabetes, heart failure, malignancy, chronic obstructive pulmonary disease (COPD), incontinence, arthritis, osteoporosis, dizziness, lower urinary tract symptoms (LUTS), depression, anxiety, dementia, vision, deafness, fracture, stroke/transient ischemic attack (TIA) and myocardial infarction.

Statistical analysis {#sec010}
--------------------

Descriptive statistics on sociodemographic characteristics were calculated for the total study population and stratified for the number of domains with problems. P-values for a trend for differences within these groups were obtained with the linear-by-linear chi-squared test (dichotomous data) and with linear regression analysis, with the characteristic as the dependent variable and the number of domains with problems as the independent variable (continuous data).

Linear regression analysis was used to evaluate the association between the individual domains and the number of domains with problems and the health indicators at baseline and at follow-up. In each model the number of domains with problems, as well as sex and age, were included as independent variables. For the indicators at 12 months, the score on the health indicator at baseline was added as independent variable.

We examined whether having problems on 4 domains had more effect on the health indicators than expected (from the linear model) by including an interaction variable in the model that indicated whether problems on 4 domains existed (i.e. an additive interactive effect). This variable had the value of 1 when problems on four domains existed and 0 when there were no problems on four domains. The p-value for this additional variable was indicated as P~interaction~.

To investigate the relation between the number of domains with problems and dropout due to admission to a nursing home, severe (terminal) disease or death, a logistic regression analysis was performed with dropout (yes/no) as dependent variable. We also investigated whether poor cognitive function (MMSE \<19) was related to dropout with the same model. The same independent variables were used as in the linear regression analysis.

A p-value \<0.05 was considered to be statistically significant. Data were analyzed with the SPSS version 20.0 for Windows.

Results {#sec011}
=======

Study population {#sec012}
----------------

Of the 12,066 registered patients aged ≥75 years in the 59 general practices, 590 (4.9%) were excluded by the GP ([Fig 1](#pone.0121013.g001){ref-type="fig"}). Of the remaining 11,476 patients, 7285 (63%) participated and were randomized at the level of the general practice. Of these latter persons, a random sample of 2713 was visited at home to administer the outcome measurements. Because 32 participants had missing values on one of the domains of the ISCOPE screening questionnaire and were excluded, the final study population consisted of 2681 older people.

![Flowchart of the study participants.](pone.0121013.g001){#pone.0121013.g001}

For the GP contact time, data were available for 1473 participants because some electronic systems did not allow data extraction. Of the 2681 participants, 105 (4%) had a MMSE-score below 19 points. These participants were excluded for the GDS-15 and the Loneliness Scale of De Jong Gierveld. [Table 1](#pone.0121013.t001){ref-type="table"} summarizes the baseline characteristics of the total study population and stratified for the number of domains with problems at baseline. The median age was 82 (Interquartile range \[IQR\] 78--86) years and 31.7% of the study population was male.

10.1371/journal.pone.0121013.t001

###### Baseline characteristics of the total study population and stratified for the number of domains with problems.

![](pone.0121013.t001){#pone.0121013.t001g}

                                                                    Total study population   Number of domains with problems                                                           
  ----------------------------------------------------------------- ------------------------ --------------------------------- ------------- ------------- ------------- ------------- ---------
  Age in years                                                      82 (78--86)              79 (76--83)                       80 (77--84)   81 (78--81)   82 (79--86)   84 (80--88)   \<0.001
  Male sex                                                          850 (31.7)               118 (48.6)                        79 (37.1)     225 (31.3)    325 (31.6)    103 (21.5)    \<0.001
  Low income (state pension only)                                   404 (15.1)               24 (9.9)                          21 (9.9)      104 (14.4)    160 (15.6)    95 (19.9)     \<0.001
  Low level of education (primary school only)                      967 (36.1)               65 (26.7)                         69 (32.4)     248 (34.4)    374 (36.4)    211 (44.1)    \<0.001
  Living alone                                                      1461 (54.5)              98 (40.3)                         108 (50.7)    398 (55.3)    612 (59.6)    245 (51.3)    0.001
  Widowed                                                           1424 (53.1)              76 (31.3)                         95 (44.6)     359 (49.9)    591 (57.5)    303 (63.4)    \<0.001
  Care home                                                         296 (11.0)               6 (2.5)                           8 (3.8)       59 (8.2)      99 (9.6)      124 (25.9)    \<0.001
  Number of chronic diseases[\*](#t001fn003){ref-type="table-fn"}   4 (3--6)                 2 (1--4)                          3 (2--4)      4 (3--5)      5 (3--6)      6 (4--7)      \<0.001

Data are numbers (%) or medians (Inter quartile range).

p-trend values were obtained with linear-by-linear tests (categorical data) or linear regression analysis (continuous data).

\* Including self-reported diabetes, heart failure, malignancy, COPD, incontinence, arthritis, osteoporosis, dizziness, LUTS, depression, anxiety, dementia, vision, deafness, fracture, stroke/TIA, myocardial infarction.

Identification of problems at baseline {#sec013}
--------------------------------------

Of the study population, 243 participants (9%) had problems on no domain, 213 (8%) had problems on 1 domain, 720 had problems on 2 domains (27%), 1027 had problems on 3 domains (38%), and 478 participants had problems on all 4 domains (18%). The three combinations of problems with the highest prevalence were the combination of problems on the somatic, mental and social domain (n = 562, 21%), the combination of problems on all four domains (n = 478, 18%) and the combination of problems on the functional, somatic and mental domain (n = 341, 13%) ([S1 Table](#pone.0121013.s003){ref-type="supplementary-material"}). The age of the older persons increased across the increasing number of domains with problems, and the number of males decreased ([Table 1](#pone.0121013.t001){ref-type="table"}; both p-trend \<0.001).

A total of 1140 participants (43%) had problems on the functional domain, 2041 (76%) on the somatic domain, 1980 (74%) on the mental domain, and 1485 (55%) on the social domain. For all domains, participants with problems on any particular domain had poorer scores on health indicators ([S2 Table](#pone.0121013.s004){ref-type="supplementary-material"}), including higher GARS scores, higher GDS-15 scores and higher scores on the Loneliness scale, poorer EQ-5D scores and more GP contact time (all p \< 0.001). Participants with problems on the functional, somatic or mental domain had lower MMSE scores (all p \<0.001, [S2 Table](#pone.0121013.s004){ref-type="supplementary-material"}), while MMSE scores showed no difference between participants with and without problems on the social domain (p = 0.68, [S2 Table](#pone.0121013.s004){ref-type="supplementary-material"}).

Associations at baseline {#sec014}
------------------------

[Fig 2](#pone.0121013.g002){ref-type="fig"} shows the association between the number of domains involved at baseline and scores on the health indicators at baseline. The number of domains with problems at baseline was associated with poor health indicators; per additional domain the GARS score was higher, the MMSE score was lower, the GDS-15 score was higher, the score on the Loneliness Scale of De Jong Gierveld was higher, the EQ-5D score was lower, and the GP contact time was higher (all p\<0.001) ([Table 2](#pone.0121013.t002){ref-type="table"}). Having four domains with problems had an additional negative effect on these indicators of poor health (all p\<0.05) ([Table 2](#pone.0121013.t002){ref-type="table"}).

![Association between the number of domains with problems at baseline and scores on the health indicators.](pone.0121013.g002){#pone.0121013.g002}

10.1371/journal.pone.0121013.t002

###### Association between the number of domains with problems on the health indicators at baseline (n = 2681)[\*](#t002fn001){ref-type="table-fn"}.

![](pone.0121013.t002){#pone.0121013.t002g}

                                                              Effect of extra domain with problems at baseline   Additional effect of four domains with problems at baseline                         
  ----------------------------------------------------------- -------------------------------------------------- ------------------------------------------------------------- --------------------- ---------
  GARS                                                        3.74 (3.32;4.17)                                   \<0.001                                                       3.86 (2.60;5.13)      \<0.001
  MMSE                                                        0.92 (0.82;1.03)                                   \<0.001                                                       0.78 (0.47;1.09)      \<0.001
  GDS-15                                                      0.93 (0.81;1.04)                                   \<0.001                                                       0.40 (0.06;0.75)      0.023
  Loneliness Scale of De Jong Gierveld                        -0.09 (-0.11;-0.08)                                \<0.001                                                       -0.06 (-0.09;-0.03)   \<0.001
  EQ5D                                                        -0.40 (-0.54;0.25)                                 \<0.001                                                       -0.87 (-1.3;-0.44)    \<0.001
  GP contact time (min)[‡](#t002fn002){ref-type="table-fn"}   29 (19;40)                                         \<0.001                                                       49 (17;81)            \<0.001

\*linear regression analysis with health indicator at baseline as outcome and the number of domains with problems, as well as age and sex, as covariates.

^‡^ GP contact information was available for 1473 participants.

Abbreviations GARS = Groningen Activity Restriction Scale, GDS-15 = Geriatric Depression Scale, MMSE = Mini-Mental State Examination, EQ-5D = Euroqol-5D, GP = general practitioner.

Effects at follow-up {#sec015}
--------------------

At the 12-month follow-up, 509 participants were not visited because they were deceased (n = 156), too ill (n = 20), admitted to a nursing home (n = 50), declined further participation (n = 143) or for other (n = 94) or unknown reasons (n = 46), resulting in a sample of 2172 participants. For GP contact time, data were available for 1422 participants at 12 months follow up, because some electronic systems did not allow data extraction. Dropout was related to the number of domains with problems; per additional domain the odds to dropout from the study was odds ratio (OR)1.67 (95% CI 1.33--2.08; p \<0.001) times higher. Having four domains with problems was not associated with an additional increased risk of dropout (OR 0.95 \[95% CI 0.61--1.49\], p~interaction~ = 0.82). The odds to dropout from the study for participants with impaired cognition (MMSE-score \<19) was OR 2.54 (95% CI 1.68--3.84; p \<0.001) times higher, compared to participants with MMSE score of 19 points and higher.

At the 12-month follow-up, problems on the functional domain at baseline were individually associated with poorer GARS-, MMSE-, GDS-15-, and EQ-5D- scores (linear regression analysis adjusted for the baseline score on the health indicator, age and sex, all p \<0.001, [S3 Table](#pone.0121013.s005){ref-type="supplementary-material"}). Problems on the somatic domain and on the mental domain at baseline were individually associated with poorer scores on all these health indicators at follow up (all p \<0.05, [S3 Table](#pone.0121013.s005){ref-type="supplementary-material"}). Problems on the social domain at baseline were associated with poorer GDS-15-, loneliness- and EQ-5D scores, and with more GP-contact time.

The number of domains with problems at baseline was associated with poorer scores on the GARS, GDS-15, the Loneliness Scale of De Jong Gierveld and the EQ-5D, and with more GP contact time, adjusted for the baseline score of the health indicator, as well as age and sex ([Table 3](#pone.0121013.t003){ref-type="table"}). For MMSE, there was no significant association between the number of domains with problems and the score at 12-months follow-up (p = 0.096), but when participants had problems on all four domains, they showed an additional decrease in MMSE-score of -0.4 points (p = 0.057). For GP contact time at 12-months follow-up, there was an additional negative effect of having 4 domains with problems on GP contact time (52 min higher \[95% CI 23; 81\], P~interaction~\<0.001).

10.1371/journal.pone.0121013.t003

###### Effect of the number of domains with problems on health indicators at 12-month follow-up (n = 2172)[\*](#t003fn001){ref-type="table-fn"}.

![](pone.0121013.t003){#pone.0121013.t003g}

                                                              effect of baseline score of health indicator   effect per domain with problems at baseline   additional effect of 4 domains with problems at baseline (interaction)                                 
  ----------------------------------------------------------- ---------------------------------------------- --------------------------------------------- ------------------------------------------------------------------------ --------- ------------------- ---------
  GARS                                                        0.9 (0.9;0.9)                                  \<0.001                                       0.7 (0.4;1.0)                                                            \<0.001   0.5 (-0.4;1.5)      0.271
  MMSE                                                        1.0 (0.9;1.0)                                  \<0.001                                       -0.1 (-0.3;0.02)                                                         0.096     -0.4 (-0.8;0.01)    0.057
  GDS-15                                                      0.6 (0.6;0.7)                                  \<0.001                                       0.3 (0.2;0.4)                                                            \<0.001   0.2 (-0.1;0.5)      0.25
  Loneliness Scale of De Jong Gierveld                        0.6 (0.6;0.7)                                  \<0.001                                       0.3 (0.2;0.4)                                                            \<0.001   -0.2 (-0.5;0.1)     0.28
  EQ5D                                                        0.4 (0.4;0.4)                                  \<0.001                                       -0.06 (-0.07;-0.04)                                                      \<0.001   0.01 (-0.02;0.04)   0.69
  GP-contact time (min)[‡](#t003fn003){ref-type="table-fn"}   0.7 (0.7;0.8)                                  \<0.001                                       13 (3.5;22)                                                              \<0.001   52 (23;81)          \<0.001

\*linear regression analyses with health-indicator after 12 months as outcome and baseline score of health indicator, number of domains with problems, four domains with problems present, and age and sex as covariates.

Abbreviations GARS = Groningen Activity Restriction Scale, GDS-15 = Geriatric Depression Scale, MMSE = Mini-Mental State Examination, EQ-5D = Euroqol-5D, GP = general practitioner.

^‡^ GP contact information was available for 1422 participants at 12 month follow up.

Discussion {#sec016}
==========

In the present study, the number of problems on the health domains included in the ISCOPE screening questionnaire was associated with poor scores on health indicators, including disability, impaired cognition, depressive symptoms, feelings of loneliness, HRQoL and GP contact time, both at baseline and at follow-up.

Problems on 4 health domains had an interactive negative effect on disability, cognitive function, feelings of loneliness, HRQoL and GP contact time at baseline. Having problems on 4 domains was associated with an additional negative effect on GP contact time at the 12-month follow-up.

The results of the present study confirm the associations between the individual health domains and poor health indicators as reported previously \[[@pone.0121013.ref001]--[@pone.0121013.ref016]\]. However, to our knowledge, we are the first to show that having 4 domains with problems has additional negative consequences for older persons. It is known that multisystem physiological dysregulation has a nonlinear association with poor outcomes in older adults and that dysregulation in physiological systems increases with old age \[[@pone.0121013.ref025]--[@pone.0121013.ref027]\]. Moreover, paired combinations of chronic conditions have been found to have interactive effects on disability \[[@pone.0121013.ref028]\]. In addition, combinations of frailty with disability and multimorbidity have been proven to have interactive effects on death \[[@pone.0121013.ref029]\], quality of life and health care costs \[[@pone.0121013.ref030]\]. The present study shows that, apart from the physiological (somatic) domain and the functional domain, two other domains (mental and social) are also related to poor health and wellbeing in older individuals, and that the negative consequences increase nonlinearly when all 4 of these domains are affected. This nonlinearity might reflect the complexity that arises when several systems interact \[[@pone.0121013.ref031]\].

In this study, the number of items within a domain was summed and, if the result was ≥ 2, problems on a domain were considered to be present. Subsequently, we combined the domains and found that the affected number of domains was nonlinearly associated with poor health/wellbeing. Most studies are directed to one of these domains and, if studies are directed to multiple domains, these studies add up to the number of positive items. Here, we have shown that the number of domains with problems is associated with poor health. Therefore, summing the number of positive items without taking into account the additional effect will underestimate the negative consequences for older persons with problems in multiple domains.

Strengths and limitations {#sec017}
-------------------------

A strength of the present study is the large heterogeneous study population of community- dwelling older people; this adds to the generalizability of the results. Another strength is that health indicators were measured with validated questionnaires by research nurses during home visits, increasing the reliability and the completeness of the measurements. Moreover, participants were followed for one year, which allowed studying the association between the 4 health domains and poor health indicators at 12-months follow-up.

A possible limitation is that poor MMSE-score is associated with death and nursing home admission, leading to selective dropout. This could be an explanation for the lack of association of the number of domains with MMSE-score at 12 months of follow up. Also, since the number of domains with problems at baseline was associated with an increased risk to dropout at 12 months due to death or admission to a nursing home, this group of older people might be the most vulnerable for deterioration in health. Therefore, the associations found in the present study might be an underestimation of the true effect.

Another limitation is that the studied problems on the four domains measure---to greater or lesser extent---the same constructs as some of the negative health indicators (functional domain---GARS, mental domain---MMSE and GDS-15 and social domain---Loneliness Scale of De Jong Gierveld). However, we added also the EQ-5D and GP-contact time as indicators of general health, which also show a strong association with all of the domains.

Implications {#sec018}
------------

The present study shows that the number of domains with problems at baseline is associated with more disability, impaired cognition, depressive symptoms, feelings of loneliness, poorer HRQoL and more GP contact time, and that having problems on 4 domains is associated with an additional negative impact on these health indicators at baseline, and on GP contact time at follow-up. Since older people with problems on 4 domains have high care needs and poor health/wellbeing, these individuals could be candidates for integrated care. However, the provision of integrated care interventions requires careful identification of older people who will benefit from such an intervention. The method described in this study, i.e. to identify problems on 4 separate health domains and subsequently sum the number of problems per domain, could be a promising instrument to identify older people who are likely to benefit from integrated care interventions; moreover, only a 21-item questionnaire is needed to collect all the required information. Further research is needed to develop integrated primary care interventions for older people with problems on the 4 domains as described here.

Conclusion {#sec019}
----------

Having problems on four health domains is associated with the poorest scores on health indicators and has an additional negative effect on disability, cognitive function, depressive symptoms, loneliness, HRQoL, and contact time with the GP at baseline. At follow-up, the number of domains with problems is associated with poorer scores; problems on all 4 domains resulted in an additional increase in GP contact time. Problems on all 4 health domains have a nonlinear association with poor health/wellbeing, which may reflect the complexity of older individuals with problems on these domains.
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